The generation of pancreatic β-cell spheroids in a simulated microgravity culture system.
Islet transplantation can induce a substantial improvement in the treatment of type 1 diabetes mellitus. However, the clinical application of islet transplantation is severely limited by the shortage of donor organs. It is thus essential to improve the engraftment rate to achieve the expected outcome in the treatment of diabetes mellitus using a limited amount of donor islets. In this manuscript, we describe the generation of β-cell spheroids using mouse insulinoma cells (MIN6) as a model of β-cells. We established a 3D culture system that simulates microgravity using a 3D clinostat. Using this method, we were able to produce 100 spheroids per mL of culture media. The optimization of the culture conditions in the clinostat produced spheroids with a size of approximately 250 μm, which is a size that is known to induce good graft survival after islet transplantation. The spheroids produced in the clinostat expressed several β-cell signature genes at higher levels than the levels that were found in MIN6 cells that were cultured in a standard 2D culture dish (MIN6-2D). The transplantation of the spheroids into the portal vein of streptozotocin-induced diabetic mice ameliorates hyperglycemia, whereas the transplantation of the equivalent number of 2D-cultured cells failed to cure diabetes. These results indicate that the clinostat culture provides a new method for the reconstitution of a large number of functional β-cell spheroids for diabetes treatment.